In recent developments in the area of thermofluid technologies, active flow control has emerged as an interesting topic of research. One of the latest methods, which will be discussed in this paper, is the application of a plasma actuator. Plasma actuation is achieved by conducting a high-voltage electric current through an actuator device. Our research was specifically conducted to discover its effect on the reduction of the drag coefficient, with Ahmed Body the experimental object put inside a suction-flow wind tunnel with varying inputs of flow velocity. The plasma actuator device was run with an A.C. power supply and installed in three different placement configurations on the aerodynamic model to determine which most optimally affected the aerodynamic drag, while the drag coefficients were acquired via the use of a load cell installed as the harness for the aerodynamic model inside the tunnel. The results of the experiments include that the optimal configuration of the actuator placement was on the leading edge, the optimal wind flow velocity of the experiment, which was essential for the actuation to be observed, was at 1.7 m/s, and the resulting drag reduction percentage, as a result of induced flow, was 22% of the initial drag coefficient.
INTRODUCTION
A number of aerodynamic studies have been conducted on four-wheeled vehicles in order to determine the contributory effect of fuel consumption (Indonesia Energy Outlook, 2012) . There are many forces that work on a vehicle, one of which is called drag, which is described as an aerodynamic force working in the opposite direction to a moving object that creates flow separation around the geometry of the vehicle. This drag force leads to the generation of pressure differences and the formation of vortex shedding, otherwise known as pressure drag, which is a part of form drag. This phenomenon may cause extra work for the engines and excessive consumption of fuel. Recent advances in aerodynamic studies have introduced a concept of manipulating air flow around an object to reduce drag coefficient in a vehicle. This is divided into two control schemes: passive control (modifying the geometry of an object) and active control (manipulating the dynamics of air flow around the object).
Passive control schemes involve turbulent flow generation, as well as the installation of a modification of low interchangeability, producing less satisfying research parameters and Harinaldi et al.
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results (Harinaldi et al., 2015) . In contrast, active flow control involves transition delay by altering the shape of the velocity profile to minimize unstable wave growth, elimination of disturbances from superposition of vibrations, and boundary layer separation control by applying either a suction or blowing scheme to an external flow (Gad-El-Hak et al., 1998 ). An active control scheme using plasma actuation is one of the latest efforts to reduce fuel usage in vehicles. A particular object called an Ahmed Body has been widely utilized as a simplified vehicle model for aerodynamic testing purposes; it displays external flow conditions that bear adequate comparison with a real vehicle model (Ahmed et al., 1984) . In the past, researches have been conducted on wake flow and turbulence analysis at the rear side of the Ahmed body at an inclined angle of 25 o to 35 o . Such experiments progressed further by applying a flow diagnostic using a laser doppler anemometer, as well as in a computational manner using a modified arge eddy simulation (Tarakka, 2012) .
The objective of this experiment was to determine the effect of plasma induction on an aerodynamic model, specifically an Ahmed body, utilizing variation of actuator placement on the leading edge, trailing edge, or both the leading and trailing edges of the model. Another objective was to gain a deeper understanding of plasma induction and its effect in advancing the research on this particular field of active flow control in aerodynamic studies. The data acquired from the research can then provide a reference for computational method study in the same field.
METHODOLOGY
The research was focused on observing the external flow surrounding an aerodynamic body while it is being induced by a plasma actuator. The object was installed with a Single Dielectric Barrier Discharge (SDBD) plasma actuator, an electric device shown in Figure 2 that consists of two electrodes made from either thin copper or aluminum plate and separated by a dielectric that induces the air around the object, transforming the trajectory of the flow as well as streamlining the boundary layer. The selection of dielectric material was crucial, as it would affect the device's toughness against electric resistance. The upper electrode contains positive charges, while the lower electrode works as the ground, and is either submerged into the dielectric or exposed to air. Electric discharge flows downstream along the dielectric, and the presence of the dielectric negates any short circuit that might happen in a surge. An induction of plasma occurs by applying a high-voltage 
In which;
The experimental data acquired would then be presented in the form of a two-dimensional graph of drag coefficient vs time, with variables provided from the actuation of plasma. Harinaldi et al.
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The experiment was conducted inside a suction-type wind tunnel, as shown in Figure 4 . The wind tunnel was 260 cm long, with a 55 cm tip diameter. Flow was generated by an axial blower utilizing a 1.5 kW D.C. motor rotating at 2800 rpm. The tunnel was equipped with an additional honeycomb mesh to straighten the wind flow. Free stream flow was measured with a hot wire anemometer. The test model was placed in a section located in the middle of the tunnel, where data acquisition took place. An electrical setup was then assembled to power the plasma actuator, as shown in Figure 5 . Its main component was the function generator that generated square-form waves with a frequency of 9 kHz. The signal was then transmitted with an amplifier and increased through a step-up transformer capable of 11000 V p-p in gain, which was used to power the dielectric.
The voltage had to be kept stable at 40 V, in order for the dielectric to actuate plasma of good quality. Two types of multimeters were used. An analog meter was placed between the fuse and amplifier, and a digital one was placed between the fuse and transformer. This was done so that
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The Effect of Plasma Actuator Placement on Drag Coefficient Reduction of Ahmed Body as an Aerodynamic Model electric current disturbance, as well as fuse breakage, could be detected. Finally, an oscilloscope was installed to monitor the signal transmission.
RESULT AND DISCUSSION
The experiment yielded results. Numerical data was obtained over time and then processed and presented in graphical form, divided into nine different charts with different actuator configuration over inputs of free stream flow speed. Data acquired by observing the fluctuation in the load cell for 120 seconds was converted into drag force and further observed to identify the upper and lower boundaries of the load cell reading. The following is the experimental data acquired with differing configurations of actuator placement and varying free stream velocity.
Drag forces acquired from the experiment differed with each reading. A higher free stream flow speed resulted in more fluctuation in the acquired data since the flow was highly likely to be turbulent; therefore, fluid particles would not follow the contour of the model, resulting in faster generation of separation.
Plasma induction worked to prevent such phenomena from happening by manipulating the occurrence of separation and forcing the flow profile to follow the model contour. As a result, the wake behind slipped and was weakened, causing a smaller pressure difference between the front and back of the model and decreasing the drag force.
Figures 6 to 8 show the effect of the leading edge configuration over three different free stream speeds. The best result for drag reduction is shown in Figure 6 , when the free stream was at 1.7 m/s, expressed by a stable value of 7 N from 9 N over 120 seconds when the actuator was active. Figure 7 shows slightly fluctuating numbers, averaging at 55.20 N, which reduced drag force from 57.36 N. From Table 1 , it can be deduced that at a 1.7 m/s flow speed, when the actuator is placed on the leading edge, the maximum drag reduction occurred at a stable number of 2 N. A negative result occurred when the actuator was placed on the trailing edge at a 4.3 m/s flow speed, which instead of reducing the drag, ended up increasing it by 0.08 N. An analysis of which configuration performed the best can be seen in Figure 15 below. 
CONCLUSION
By analyzing the results, conclusions can be drawn regarding several parameters of the experiment. First, it was shown that utilizing a 1/137.5 step up voltage transformer to regulate the actuator power supply during the experiment induced the flow around the aerodynamic body, minimizing separation and, as a result, reducing the drag coefficient. The optimal position for the actuator placement was located at the leading edge of the aerodynamic body. It can be deduced that at low velocity, when free stream flow started hitting the model at the leading edge, the actuation immediately transformed the flow profile before separation could occur, rendering the placement of the actuator on the trailing edge ineffective; this explains why placing the actuator at the leading edge is the best course of action. However, at a higher flow speed, the actuation could no longer control the flow. Finally, several limitations were discovered; for example, when the 5 m/s free stream velocity test took place, the actuator could not reduce the drag by more than 5%. Our hypothesis is that the electrode material could not produce enough actuation to control the flow beyond the maximum flow speed used in the experiment.
